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high-sea states in deploying instruments from surface vessels (and success-
fully retrieving them) has prompted development of other platforms. In
particular, the mechanical problems in deploying a device 1 kilometer deep
in the ocean are caused more by the drag of the 1000-meter cable than by
the weight of the instrument itself. Thus, other strategies have been used to
bring the analysis to the sample, including unmanned underwater vehicles,
buoys, and manned submersibles. At present, for unmanned submersible
vehicles, the problems of autonomous operation, navigation, small size,
power requirements, and reliability overshadow the advantages of cable-
free operation, but solution of these problems will eventually make wider
use of these devices likely. There have been significant advances over the
past decade in the development of optics and electronics for underwater
vehicles, including remotely operated vehicles (ROVs). These systems pro-
vide the opportunity for optical observations, as well as acoustical and
chemical measurements by appropriate instruments attached to the ROV.

Buoys, on the other hand, are already widely used for many sorts of
physical oceanographic measurements, and the development of new sensors
would allow buoys to be important platforms for chemical and biological
oceanographic measurements as well. Their capabilities for long-term unat-
tended operation, even in environments as hostile as the Arctic, are well
demonstrated. Issues in the use of buoys are the availability and reliability
of sensors, and electrical power sources. However, modest sampling fre-
quencies (e.g., 1 to 10 samples per day) would enable them to operate from
solar energy and batteries. Newly developed methods for data storage and
on-board processing will allow greater data storage before retrieval. Data
transmission from sensors to satellites is still a limiting factor, however.

Aircraft and Satellites

Although not well suited for chemical oceanography per se, satellite-
and aircraft-based remote sensing is a growing adjunct to direct chemical
measurements. Despite their limited sensor suites, satellites offer unsur-
passed volumes of data covering vast areas of the ocean, virtually in real
time. Moreover, the nature of orbits is such that the same measurement
may be repeated over the same section of ocean for years at a time, which is
very useful for evaluating long-term variability. Satellites primarily con-
duct passive sensing of electromagnetic radiation in the visible, near-infra-
red, and microwave frequencies. In addition, specialized satellite radars
actively measure mean surface height and sea state. Sea surface tempera-
ture may be determined very precisely from satellites, providing additional
physical oceanographic information. Physical oceanographic information is
an important adjunct to chemical and biological measurements because tem-
perature affects chemical, reaction rates, gas solubilities, and organism growth.